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STRENGTH OF BEARING STIFFENERS IN 
COLD FORMED C-SECTIONS 
S.R. Fox! and R.M. Schuste~ 
ABSTRACT 
The applications of cold fonned steel in residential construction have been increasing 
rapidly in recent years around the world. Some framing practices have been developed that are 
not covered by the current design specifications, such as using thin cold fonned steel stud 
sections as web stiffeners for C-section floor joists. Earlier tests have shown that the current 
design methods are unconservative when applied to the types of stiffeners in common usage 
today. There are a number of variables that influence the capacity of these stiffeners such as 
stiffener type, position on the joist and connections. All parameters need to be considered if a 
reliable design procedure is to be fornlUlated. Described in this paper is an experimental 
investigation of what effects the stiffener end gap, fastener configurations and bearing width 
have on the ultimate capacity of a stiffened cold fonned steel C-section joist subject to two-
flange loading. 
INTRODUCTION 
Cold fonned steel has been used for the manufacture of structural sections for many years. 
Historically, many of the applications of cold fonned steel structural members have been in 
commercial and industrial types of buildings. Typical examples would include secondary 
structural members such as purlins and girts, roof and floor deck, as well as exterior wall and 
roof cladding. The commercial/industrial construction industry is familiar with steel products and 
there are many experienced designers and tradespeople. 
In recent years the low-rise residential construction market in North America has been faced 
with a decreasing supply of quality lumber at an increasing cost. Consequently, home builders 
have started to look for alternative building materials, and cold fonned steel is a natural option. 
Cold fonned steel offers the home builder the advantages of a quality construction material at 
stable prices. Cold fornled steel sections used for residential construction are made from 
relatively thin sheet steel material, 0.8 to 2.0 mm (0.03 to 0.08 in.) and are commonly referred to 
as "lightweight steel framing" or "LSF". LSF members are sized much the same as dimensional 
wood framing members, making it easier for architects and builders to incorporate steel into 
existing house designs. 
LSF floor joists are typically C-sections ranging in depth from ISO to 350 mm (6 to 14 in.). 
The thin sheet steel makes these sections prone to web buckling (or web crippling) when 
subjected to concentrated loads. Such concentrated loads occur at every bearing support or 
location where a floor joist supports a loadbearing wall from above. To avoid the capacity 
reductions that the web crippling limit state would impose, bearing stiffeners (or web stiffeners) 
are commonly attached to the joist to stiffen the joist web and transfer these loads. 
Typically, bearing stiffeners for LSF sections are made from short lengths of 89 mm (3-5/8 
in.) wide stud or track sections. These stiffeners are either attached to the back of the joist web or 
1 General Manager, Canadian Sheet Steel Building Institute, Cambridge, Ontario, Canada and graduate student, 
University of Waterloo, Waterloo, Ontario, Canada. 
2 Professor, Department of Civil Engineering and School of Architecture, University of Waterloo, Waterloo, 
Ontario, Canada. 135 
136 
cut to fit between the flanges of the joist, as shown in Figure 1. Connections are usually made 
between stiffener and joist with self-drilling screws. 
CURRENT DESIGN PROVISIONS 
The current design provisions for bearing stiffeners are given in the AISI Specification for 
the Design of Cold-Formed Steel Structural Members [I] and the CSA-SI36 Standard Cold 
Formed Steel Structural Members [2]. From here on referred to as "design documents" or 
"design provisions". The following was taken from the AISI Specification. 
For concentrated loads or reactions, the nominal strength equals Pn, where Pn is the smaller 
value given by (a) and (b) as follows: 
(a)Pn = FwyAc 
(b)Pn = Nominal axial strength evaluated as a concentrically loaded compression member, 
with Ae replaced by Ab 
Qc = 2.0 (ASD) 
<l>c = 0.86 (LRFD) 
where, 
Ac = 18r + As, for transverse stiffeners at interior support and under concentrated load 
Ac = 10t2 + As, for transverse stiffeners at end support 
Fwy = Lower value ofFy for beam web, or Fys for stiffener section 
Ab = bit + As, for transverse stiffeners at interior support and under concentrated load 
Ab = b2t + As, for transverse stiffeners at end support 
As = Cross-sectional area of transverse stiffener 
b l = 25t[0.0024(Lsl/t) + 0.72] ~ 25t 
b2 = 12t[0.0044(Lstlt) + 0.83] ~ l2t 
LSI = total length of transverse stiffener 
t = thickness of beam web 
The wIts ratio for the stiffened and unstiffened elements of cold formed steel transverse 
stiffeners shall not exceed I.28~E/Fys and 0.42~E/Fys , respectively, where Fys is the yield 
stress, and ts is the thickness of the stiffener steel. The specifications also stipulate that when the 
web slenderness, hit, exceeds 200 a stiffener is required for unreinforced webs. 
A significant limitation of these provisions is the requirement that the flat width of any 
element in the stiffener shall not exceed the limit for local buckling. This means that no element 
of the stiffener can be subject to an effective width reduction. This condition is not met by any of 
the stiffeners in common use today. A LSF stud or track section as a bearing stiffener will be 
subject to effective width reductions at modest stress levels and fall outside the provisions of the 
design documents. 
PREVIOUS WORK 
Nguyen & Yu 
The current specification provisions were based on the work of Nguyen & Yu [3] in 1978 at 
the University of Missouri-Rolla. The 1968 edition ofthe AISI Specification for cold formed 
steel design included a provision that allowed the joist web height-to-thickness (hit) ratio to 
extend to 200 if the member was provided with an adequate means of transmitting the loads or 
reactions, but no specific rules were given for the design ofthese transverse stiffeners. At that 
time there was little cold formed steel used in residential construction and there were no standard 
framing details to model. Consequently, Nguyen and Yu followed the design approach used in 
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the American Institute for Steel Construction specification for hot rolled steel structures where 
the bearing stiffeners are common in plate girders. 
They conducted 61 tests on stiffened C-sectionjoists, 33 interior and 28 end condition tests. 
The joist depths ranged from 150 to 530 mm (6 to 21 in.) with hit ratios from 150 to 300. The 
transverse stiffeners were channel channels with a 38 mm web, 12 mm flanges and 
approximately I mm thick (1.5 x 0.5 x 0.04 in.). This stiffener section was fully effective up to 
the yield stress. Strain gauges were fixed to the stiffener and the joist web to measure the stress 
distribution. They observed two types of failure modes, a "crushing" failure for the shorter 
specimens and a "stability" failure for the longer ones, which are represented in the current 
design provisions. Since that time, however, the increasing uses for cold formed steel have 
brought about new assemblies that go beyond the scope ofthis original work. 
Fox & Schuster 
In an effort to determine the general behavior of common LSF bearing stiffeners assemblies, 
the authors have also conducted a series of tests [4, 5]. This work has shown that a design 
approach is needed that recognizes the unique behavior of stud and track type bearing stiffeners, 
which are not fully effective. These stiffeners are subject to local buckling at moderate stress 
levels, eccentric end loading when the joist flanges bears on the stiffener end and transverse 
loading where the fasteners connect the stiffener to the joist web. There is a complicated 
interaction between the web crippling of the joist and the eccentrically loaded stiffener column. 
In all ofthe tests with stud or track stiffeners the failure mode was local buckling of the 
stiffener in compression. This can be equated to the crushing failure mode observed by Nguyen 
& Yu. There are a number of variables affecting the capacity of the assembly, but in general, the 
study found that a simple expression for the nominal bearing resistance of the stiffener types 
tested could be determined by using the following expression: 
Po =RFyAe 
Where, 
R reduction factor depending on stiffener type and location (see Table 1) 
Fy yield strength of stiffener steel 
Ae effective area of stiffener under uniform compression determined at f = Fy 
nand 4> are given in Table 1 for the stiffener configuration 
Need/or Additional Work 
The earlier tests by the authors have shown that the current design provisions are not 
appropriate for typical LSF bearing stiffeners in use today, and that specific design provisions 
need to be developed. These earlier tests did not investigate all of the parameters that influence 
the capacity ofthe assembly, some of which are being reported in this paper. 
TEST PROGRAM 
Test Parameters 
The behavior and capacity of a stiffened C-joist assembly is influenced by a number of 
factors: 
• Stiffener type, size and material properties; 
• Joist size and material properties; 
• Location of the stiffener on the joist (Le. end or intermediate, inside or outside); 
• Bearing width; 
• Number and pattern of fasteners connecting the stiffener to the joist; and 
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• Gap between the stiffener and the joist flanges. 
Discussed in this paper are what effects the stiffener end gap, the fastener configurations and 
the bearing width have on the ultimate capacity ofthe stiffened assembly. 
Test Set-Up 
The basic test procedure involved conducting a series of two-flange loading tests of 
transversely stiffened joist specimens of different configurations. The test set-up is shown in 
Figure 2. Two joist members were connected by short angles to restrain the torsional forces in 
the C-sections. The stiffeners were attached to the joist web with #10 self drilling sheet metal 
screws and care was taken to ensure the specimen was aligned and square prior to testing. The 
load was applied to the top flange of the joist through a steel bearing plate. The mechanical 
properties for the stiffener and joist specimens are listed in Table 2. 
EFFECT OF STIFFENER END GAP AND FASTENER PATTERN 
It is common in LSF construction for the bearing stiffener to be installed between the joist 
flanges. To facilitate this type of construction, the stiffener is cut shorter than the inside 
dimension between the flanges. Typically the total gap between the stiffener and joist is 
approximately 5 mm (3/16 in.), which is illustrated in Figure 3. A test series was carried out to 
investigate the effects of increasing this gap. The difference in length between the bearing 
stiffener and the joist depth was incrementally changed from a zero gap up to a gap of 15 mm 
(5/8 in.). 
There are a number of common fastener patterns used to connect the stiffener to the joist 
web. Since unnecessary screws are an added cost that can be avoided, there is an incentive to 
substantiate the acceptability of using fewer fasteners. A series of tests was conducted to 
investigate four common fastener patterns as illustrated in Figure 4. The objective was to 
determine whether these fastener patterns had any measurable effect on the ultimate capacity of 
the bearing stiffener assembly. 
The test number identifies the length ofthe stiffener and the fastener pattern. For example, 
test 199-2H has a stiffener 199 mm (7-13116 in.) long and the fastener pattern is 2H as depicted 
in Figure 4. The joist sections for these tests were either 203 mm (8 in.) or 254 mm (10 in.) deep, 
therefore, the 199 mm (7-13/16 in.) and 251 mm (9-13116 in.) long stiffeners would have no end 
gap. The tested capacities of all the assemblies are given in Table 3. 
Effict of Stiffener End Gap 
Considering all of the data plotted in Figure 5, the stiffener end gap does not appear to have 
a significant effect on the ultimate capacity of the assembly. The load versus deflection plots 
observed during the tests also showed that the behavior did not vary as the end gap increased. 
Increasing the end gap only extends the region where web crippling of the joist has occurred and 
the joist flanges are collapsing onto the stiffener. A 5 mm (3/16 in.) gap is quite sufficient to 
allow for ease of construction of these assemblies without reducing the ultimate capacity of the 
assembly. 
Effect of Fastener Pattern 
Another objective of this work was to determine if the screw pattern had an effect on the 
strength of the stiffened joist assembly. The data in Figure 5 is separated into three types: end 2 
screws, end 3 or 4 screws and intermediate 3 screws. There is no significant difference between 
the three and four screw patterns, and similarly for the 2V and 2H patterns. There is, however, a 
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difference between the assemblies with two screws and those with three or four screws. The 
horizontal solid line in Figure 5 is the mean of all end location tests, with a plus or minus 20% 
limit indicated by the dashed lines. It is apparent from the plot that the ultimate capacities of the 
two-screw tests are consistently lower than the mean. The data from the intermediate location 
tests are also shown in Figure 5, confirming that the intermediate stiffener location has a higher 
capacity than the end location. 
It is reasonable to assume that the capacity ofthe assembly is the addition of the web 
crippling capacity of the joist web plus the axial capacity of the stiffener. Consequently, a 
fastener pattern that provides more restraint to the joist web, particularly near the flanges, will 
increase the web crippling capacity. This would explain the differences between the fastener 
patterns, although additional research is needed to quantifY this contribution. 
Serviceability Limit State 
Another limit state that is often overlooked in deference to the safety concerns of the 
ultimate limit state, is serviceability. These stiffened joist assemblies are often part ofa building 
structure that includes materials such as gypsum drywall that is susceptible to cracking under 
modest deflections. If the end gap between the stiffener and joist was allowed to accumulate over 
a number of building storeys, the shortening in the structure could also begin to affect exterior 
veneers and curtain walls. The data shows that there is no apparent correlation between the net 
displacement and the ultimate capacity ofthe assembly. However, there would be a 
serviceability limit state failure ifthe floor joist experiences web crippling under service loads, 
particularly with large end gaps. 
EFFECT OF BEARING WIDTH 
The objective of this phase of the work was to investigate the effects of the bearing width on 
the capacity of the stiffened assembly. A series of tests were conducted with four different 
bearing widths: 25, 50, 75 and 100 mm (1, 2, 3 and 4 in.). For each of the different widths, three 
different stiffener configurations were tested: end-inside, end-outside, and intermediate-inside. 
The test loads are listed in Table 4, and plotted in Figures 6, 7 and 8. The test designations used 
are described as follows: 
End = stiffener located at end of joist 
Intermediate = stiffener located at middle of joist length 
Outside = stiffener positioned on back of joist web 
Inside = stiffener positioned between joist flanges 
25,50,75, 100 = bearing widths (mm) 
1, 2 = test number of assembly type 
Discussion of End-Outside Location Tests 
The test results of the end-outside configurations are shown in Figure 6, and fall into two 
regions: for bearing widths 75 mm (3 in.) and less, and for a bearing width of 100 mm (4 in.). 
This discontinuity is expected since the width of the stud stiffener was 92 mm (3-5/8 in.), and 
therefore only the 100 mm (4 in.) wide bearing plate completely covered the end of the stiffener. 
Linear line segments can be used to model these results as included in Figure 6. The transition 
from a 75 to 100 mm (3 to 4 in.) bearing width is plotted as a straight line, but there will likely be 
some discontinuity as the bearing plate begins to contact the second flange. 
The webs of the stud stiffeners used in these tests had a flat widtll ratio of 105 and would be 
subject to local buckling at ultimate loads. As a consequence, only the one flange area and a 
limited portion of the web were effective in carrying any load when the bearing width was less 
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than 100 mm (4 in.). When the bearing width was increased from 25 mm to 75 mm (1 to 3 in.), 
the stiffener did not contribute any additional capacity because the centre portion of the web was 
subject to local buckling. The webs ofthe stiffeners in the end-outside assemblies did not have 
the support of the joist flanges and were less influenced by the bearing width than the inside 
location discussed next. When the bearing width reached 100 mm (4 in.), both flanges of the 
stiffener were covered and there was full bearing. 
Discussion of End-Inside Location Tests 
The plot in Figure 7 shows a general increase in capacity from the 25 to 100 mm (1 to 4 in.) 
bearing width for the. end-inside bearing. This is due to the increased web crippling capacity 
provided by the joist web and the load distribution caused by the joist flanges onto the end of the 
stiffener. The polynomial curve is fitted to the data to illustrate the general shape. For the end-
inside assemblies the joist flange provides added support to the stiffener; therefore, the 
discontinuity seen in the end-outside assemblies is not as pronounced. 
An interesting result of these tests is the similarity of the inside and outside locations as 
shown in Figures 6 and 7. As expected, the inside location has a slightly higher capacity over the 
outside location since the joist flanges provide additional support to the stiffener that does not 
bear over its entire width. This is particularly true for the 75 mm (3 in.) bearing width tests, but 
does not appear to be as pronounced for the narrower bearing width tests. This result is important 
since it is common to assume a minimum bearing width of 38 mm (1-112 in.), with the stiffener 
located on either side of the joist. These tests show that the stiffener location does not affect the 
capacity as significantly as the bearing width. 
Discussion of Intermediate-Inside Location Tests 
The plot of the results ofthe intermediate-inside location tests given in Figure 8 shows a 
trend similar to the end-inside tests. A polynomial trend line is also included with the data. In 
these tests the bearing plate was positioned at the centre ofthe stiffener. The support provided by 
the joist flanges to the stiffener was sufficient to transfer the bearing load, which increased as the 
bearing width became wider. It is interesting to note that for the 25 mm (1 in.) bearing width the 
end-inside and intermediate-inside average test capacities were almost the same (26.04 and 26.31 
kN respectively). This is not readily explainable since the bearing plate for the end-inside test 
covers one ofthe stiffener flanges, while the bearing on the intermediate-inside test is centred on 
the stiffener web. It is possible that the increased web crippling capacity of the intemlediate-two-
flange joist offsets the decrease in capacity resulting from the bearing on the stiffener web. 
Design Expressions for Different Bearing Widths 
Also included in Table 4 are predicted capacities for assemblies with different bearing 
widths. The capacity is calculated as the addition of the bearing capacity of the stiffener (times a 
reduction factor) plus the web crippling capacity of the joist. The resulting test-to-predicted 
ratios given in Table 4 show reasonable agreement for the end-inside configuration, but less so 
for the other two types. There are a number of reasons why this design approach may not be the 
best: 
• The prediction of the local buckling capacity uses a reduction factor based on the stiffener 
location. This factor was determined from tests of assemblies (as presented in Table 1) that 
includes the contribution from the joist web as well as the stiffener. This has the effect of 
adding the contribution of the joist web twice. 
• The web crippling capacity is calculated using the current provisions in the CSA-S136 [2] 
design standard for end and interior two-flange loading of single web members. These design 
expressions assume the joist web is being loaded by itself, and not with a bearing stiffener 
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also present. The stiffener will influence the web buckling and change the web crippling 
capacity an undetermined amount. 
• There is a discontinuity of the test-to-predicted ratios for the end-inside assemblies when the 
bearing width goes from completely covering the stiffener to a width slightly less. This 
transition is assumed to be a step function, but in reality this change will be a more gradual 
due to the support provided by tlle joist flange. 
• The calculation of the effective area of the stiffener for the intermediate location tests does 
not reflect the support provided by the joist flange for the narrow bearing widths. 
Design expressions could be developed fitting a curve to the test data. At this time, however, 
there is insufficient data to propose a comprehensive design expression with any degree of 
confidence. 
CONCLUSIONS 
1. The fastener pattern has some effect on the ultimate capacity of the stiffened sections. Those 
sections with more fasteners near the joist flanges have a higher ultimate capacity, which can 
be attributed to an increased web crippling resistance ofthe joist. At this time there is not 
enough data to develop a reliable predictor equation to isolate this effect in the overall 
assembly capacity. 
2. Increasing the total gap between the stiffener and the joist flanges from 5 mm to 15 mm (3/16 
to 9116 in.) does not appreciably affect the ultimate capacity of the assembly. However, there 
could be serviceability problems associated with these larger deformations that would 
advocate limiting the end gap to a maximum 5 mm (3116 in.). 
3. A method can be developed to predict the effects of bearing width on the capacity of the 
assembly. The method adds the web crippling capacity of the joist member to the axial 
capacity of the bearing stiffener. The capacity of the stiffener is taken as its effective area 
times the yield stress times a reduction factor. The effective area of the stiffener changes with 
the bearing width. The reduction factor was taken from the results of earlier work. This 
design approach correlates well with the test data when the stiffener is located at the end of 
the joist, but less so for the stiffeners at an intermediate location. Tests also need to be 
conducted on the intermediate-outside stiffener configuration. 
4. Additional work is needed to investigate the web crippling capacity of the joists in these 
stiffened assemblies. The presence of the stiffener changes the web crippling behavior of the 
joist, so that it can no longer be predicted using the equations developed for single web 
members. 
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Table 1: Stiffener Design Values 
Stiffener Type and Reduction Number COVof CSA-S136 [2] AISI Specification Test-to- [1] Configuration Factor, R of Tests Predicted 
<I> Q <I> 
Stud Stiffener 
End Location, Inside 0.80 49 0.108 0.75 1.74 0.87 
End Location, Outside 0.81 4 0.192 0.43 2.73 0.56 
Intermediate Location, 0.87 10 0.086 0.76 1.73 0.88 Inside 
Track Stiffener 
End Location, Inside 0.79 15 0.168 0.66 1.93 0.79 
End Location, Outside 0.82 8 0.081 0.76 1.73 0.88 
Table 2: Mechanical Properties 
Thickness Yield Tensile % Elong. Specimen (mm) Stress Stress (50 mm gauge Fy (MPa) Fu (MPa) length) 
254 mm (10 in.) C-Section Joist 1.26 306 383 34.4 
203 mm (8 in.) C-Section Joist 1.18 336 431 29.6 
92 mm (3-5/8 in.) C-Section Stiffener 0.81 341 387 32.0 
Note: Reported values are the average of three coupon tests. 
Table 3: End Gap and Fastener Pattern Test Results (capacity per stiffener) 
Test Tested Test Tested Test Tested Test Tested Test Tested 
No. Capacity No. Capacity No. Capacity No. Capacity No. Capacity (kN) (kN) (kN) (kN) (kN) 
199-2H 19.29 199-2V 17.31 251-3 21.30 251-4 19.20 1991-3 22.23 
196-2H 19.59 196-2V 18.81 249-3 20.16 249-4 24.15 1961-3 29.76 
193-2H 18.27 193-2V 19.74 246-3 23.13 246-4 20.79 1931-3 23.58 
190-2H 17.73 190-2V 17.46 244-3 21.96 244-4 24.54 1901-3 22.14 
187-2H 17.76 187-2V 17.79 241-3 19.29 241-4 19.77 1871-3 22.23 
184-2H 15.72 184-2V 17.58 239-3 17.32 239-4 18.03 1841-3 23.73 
Mean 18.06 Mean 18.11 Mean 20.53 Mean 21.1 Mean 23.95 
COY 0.077 COY 0.053 COY 0.101 COY 0.127 COY 0.123 
Note: The capaCIty per stlffener was taken as one half of the maxImum recorded test load. 
1 kN = 225 1bs. 
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Table 4: Bearing Width Test Results and Analysis (capacity per stiffener) 
Tested Effective Web Local Predicted Test/Predicted 
Test Designation Load Area,Ae Crippling Buckling (3) + (4) (1)/(5) (kN) (mm2) (kN) (kN) 
(1) (2) (3) (4) (5) (6) 
Cv -0.80FyAe 
End-25-Inside-l 13.77 36.0 3.52 9.82 13.34 1.03 
End-25-Inside-2 12.27 33.8 3.52 9.21 12.73 0.96 
End-50-Inside-l 13.98 36.0 3.98 9.82 13.80 1.01 
End-50-Inside-2 13.50 36.0 3.98 9.82 13.80 0.98 
End-75-Inside-l 16.86 35.3 4.33 9.63 13.96 1.21 
End-75-Inside-2 14.40 35.3 4.33 9.63 13.96 1.03 
End-l00-Inside-l 22.11 72.7 4.63 19.8 24.43 0.90 
End-l00-Inside-2 22.56 72.7 4.63 19.8 24.4 0.92 
Average 1.01 
COY 0.093 
Cv =0.81 FyAe 
End-25-0utside-l 11.94 36.0 3.52 9.94 13.46 0.89 
End-25-0utside-2 10.44 33.8 3.52 9.33 12.85 0.81 
End-50-0utside-l 13.89 34.5 3.98 9.54 13.52 1.03 
End-50-0utside-2 14.04 35.3 3.98 9.75 13.73 1.02 
End-75-0utside-l 10.95 36.7 4.33 10.14 14.47 0.76 
End-75-0utside-2 12.99 33.8 4.33 9.33 13.66 0.95 
End-l00-0utside-l 24.57 72.0 4.63 19.89 24.52 1.00 




Intermediate-25-Inside-l 12.51 20.3 10.21 6.01 16.22 0.77 
Intermediate-25-Inside-2 13.80 20.3 10.21 6.01 16.22 0.85 
Intermediate-50-Inside-l 14.49 40.5 10.79 12.02 22.81 0.64 
Intermediate-50-Inside-2 14.16 40.5 10.79 12.02 22.81 0.62 
Intermediate-75-Inside-l 17.76 60.8 11.25 18.02 29.27 0.61 
Intermediate-7 5 -Inside-2 17.40 60.8 11.25 18.02 29.27 0.59 
Intermediate-l 00-Inside-l 20.40 72.0 11.62 21.36 32.98 0.62 
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Figure 1: Stiffener Configurations 
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